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@ Adhesive polylmide film. 

@ A sDicon-modified adhesive polyimide film comprises 60 mole % or more of repeating units of the 
formula: 

\ 



(I) 



In which : 

U represents -0-, -CO-. -SOj-, -S- or C (R*)2 (In which R* represents -CH3, -CF3 or H) ; 
R^ represents a group of the formulae : 



- (CHa ) a-^— 



(II) 



- (CH, ) . ^0-^)- 



(III) 
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00 
CO 

in 
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UJ 



or 



-0- 



(IV) 



(V) 



(in which s represents an integer of 1 to 4) ; the group (SILO) is a group of the fonmula : 

■Si {RVmj} {0(^iy2} -CSi {RVm)} {0(,^iy2}- (VI) 

(in which represents a Ci-Ce alkyi group, a phenyl group, or a C1-C12 alkyl-substituted phenyl group 

and m is the range of 1 <m^3) ; 

the group (PI) is a group of the fonnulae ; 
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0 

or 



Rt 
I 

S i-0- 
I 

Ri 



(VII) 

pn which has the meaning defined above, represents -0-, -CO-, -SO^, -S-. or -C(R^)2 - (wherein R^ 
represents -CH3-, -CF3 or H), R^ represents a Ci-Ce alkyi group, a phenyl group or a C7-C12 alkyl- 
substituted phenyl group, R^ represents a group of the fonmula (II) to (V) defined above, £ is in the rang 
eof 1^ f ^100, n is in the range 1^ n <3, and p and q are each in the range defined by the formulae (VIII) 
and (IX) : 

0. (VIII) 



0. 01^ 



p+q 
2 

p+q+2 



^0.5 (IX) 



2 



EP0 538 075 A1 

This invention relates to an adhesive polyimide film which is curable at low tennperatures and heat- 
resistant, and a process for producing the same. 

Hot-melt-adheslve films have so far been broadly used in electronics-related fields, for adhesion of bases 
of printed wiring boards to circuit-bases, adhesion at the time of preparing multi-plies of flexible printed wiring 
5 boards, or the like. In these fields, resinsofepoxy group, urethane group, polyester group, nitrile rubber group, 
acrylic group, etc. have been investigated. However, since these resins have not always had a sufficient heat- 
resistance, polyimide resins have been Investigated in the aspect of heat-resistance. 

Since polyimide resins require high-temperature heating at the time of adhesion thereof, effort for lowering 
the heating temperature has been continued. For example, use of polyimldes having a specified structure (Jap- 
10 anese patent application laid-open No. Hei 2-180980), a process for adding bismaleimides, epoxy resins or 
the like to polyimldes having a specified structure to lower the softening point of the resins (Japanese patent 
application laid-open Nos. Sho 62-30122, Sho 62-232475, Sho 62-235382, Sho 62-235383. Hei 1289862, Hei 
2-124971, Hei 2-138788, Hei 2-138789, Hei 2-151681, Hei 2-158681, Hei 2-204029, Hei 2-274762, Hei 3- 
14890. etc.), etc. have been proposed. 
15 However, these processes have also raised various problems such as Insufficient reduction In the soften- 
ing point, damage to heat-resistance of polyimldes, etc. 

SUMMARY OF THE INVENTION 

20 The present inventors have made extensive research, and as a result, have found that a polyimide film 
obtained from at least one kind of tetracarboxylic dianhydrides, at least one kind of diamines, at least one kind 
of diaminosiloxanes and at least one kind of aminosilanes, each having a specified structure, has a high ad- 
hesiveness even if the film is subjected to contact bonding on heating at relatively low temperature, and have 
achieved the present invention As apparent from the foregoing, the object of the present invention is to provide 

25 a polyimkJe film having solved the above-mentioned problems and having a high adhesiveness even when 
the film has been subjected to contact bonding on heating at relatively low temperatures, by using a silicon- 
polyimide having a specified structure, and a process for producing the above polyimide film. 
The present invention has the following constitutions (1) - (9) : 

(1) A silicon-modified, adhesive polyimkJe film composed mainly of the repetition units expressed by the 
30 formula (I) : 

)n-R- - (SILO) -R- -N^iPnCc^^^-^^CO^ 

35 ' ... ( 1 ) 

wherein independently represents -0-, -CO-, -SOr -S- or -C(R*)r wherein represents -CH3-, -CF3 
orH; 

40 R3 Independently represents either one of the groups expressed by the formulas (II) to (V) : 



- (CHt ) ••• (") 

45 



- (CH, ) . -0—^- - (III) 



55 -(CH2).- (IV) 
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wherein s represents an integer of 1 to 4; 
(SILO) is expressed by the formula (VI) 

-Si {R«(3-n„} {0(^ ,V2^0-Si {RV m)} {0(^ iy2 ) " (Vl) 

10 wherein Independent ty represents an alkyi group of 1 to 6 carbon atoms, phenyl group or an allcyl-sub- 
stituted phenyl group of 7 to 12 carbon atoms, and m falls in a range of 1<m^3; 
(PI) is expressed by the formulas (Vil) 



Ri 

^ r i 1 

R, (VII) 

25 

wherein independently represents -0-, -CO-, -SOr. -S- or-C(R*)2- wherein R^ represents -CH3-. -CF3 
or IH, R^ independently represents an alltyl group of 1 to 6 carbon atoms, phenyl group or an aikyl-substi- 
tuted phenyl group of 7 to 12 carbon atoms. R^ Independently represents 

either one of groups expressed by the formulas (II) to (V), ^ falls in a range of l^f ;^100. n falls in a range 
30 of 1^n^3, and p and q each fall in the ranges expressed by the formulas (VIII) and (IX) : 

0.1^2,^^1 (VIII) 

0 01^p*q + 2^0.5 (IX) 

(2) A polyimide film according to item 1 . wherein represents -C(CH3)r and n represents 2 in the formula 
(VII). 

^ (3) A polyimide film according to item 1 , wherein represents -O- and n represents 2 in the formula (Vil). 

(4) A polyimide film according to Item 1 , wherein R^ represents a structure expressed by the formula (V) 
and m represents 3 in the formulas (I) and (VI). 

(5) A polyimide film according to item 1. wherein V represents -0-. represents -C-(CH3)r and n repre- 
sents 2 in the formulas (I) and (Vli). 

^ (6) A process for producing an adhesive polyimide film, which comprises blending A mols of at least one 
kind of tetracarboxylic dianhydrides expressed by the formula (X) 

B mols of at least one kind of diamines expressed by the formula (XI) 



NHa -(^-L' -j «-0--NH, - (XI), 
^ C mols of at least one kind of diaminosiloxanes expressed by the formula (XII) 
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R ' 



N H . - R • - ( S i - 0 - )i - S i - R * - N H . (XII) 

I 

R' 



A. 



and 

D mols of at least one kind of aminosilanes expressed by the formula pCIII) 
10 NH2-R3.Si{RVm)}(Xn,) (XIII), 

In the presence of an organic solvent, and under conditions satisfying the formula (XIV) relative to said 
BandC 

IS and the formula PCV) relative to said B,C and D 

0. 01^— ^—^0. 5 (XV) 
B + C + D 

in the above formulas (X) to (XIII), V and L^each independently representing -0-, -CO-, -SOr. -S- or- 
C(R4)2- wherein R* represents -CH3, -CF3 or H; R^ and RS each representing an all^l group of 1 to 6 carbon 

20 atoms, phenyl group or an alkyi-substituted phenyl group of 7 to 12 carbon atoms; R^ and R^ each Inde- 
pendently representing any one of groups expressed by the formulas (II) to (V); i falling In a range of 
1^^^100, m failing In a range of 1<m^3; and X Independently representing an aikoxy group, an acetoxy 
group or a halogen atom, 

followed by reacting the resulting blend at a temperature of 0 to 1 50°C, coating the resulting poly- 

25 Imide precursor solution onto a substrate, thereafter heating and curing the resulting material. 

(7) A process for producing an adhesive polyimide film according to item (6), except that said diamine is 
replaced by an amine expressed by the formula 



30 N H 2 N H 2 

^o-(§)—(§)-o-^ ("•' 

3$ (8) A process for producing a polyimide film composite product, which comprises subjecting a silicon-mod h 
f led polyimide film composed mainly of the repetition units expressed by the formula (I) as set forth in 
item (1), to contact-bonding on heating to a material to be adhered thereonto, at an ultimate curing tem- 
perature of 130° to 230*'C. 

(9) A process for producing a polyimide film composite product according to item (8), wherein said (PI) is 
40 expressed by the following formulas: 



45 



so 



55 



or 



R. 



co- 



:n-r* - 



S i - 0 - 

I 

Ri 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Firstly, a process for producing a polyimide precursor solution affording the highly adhesive polyimide film 
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of the present invention wiil be described. The polyimide precursor solution used in the present invention is 
obtained by reacting at least one kind of tetracarboxyllc dianhydrides, at least one kind of dianDlnes, at least 
one kind of diaminosifoxanes and at least one kind of aminosQanes, respectively expressed by the above for- 
mulas (X) to (XIII), in an organic solvent. 

Next, raw materials used for producing the polyimide precursor solution will be mentioned. 
As concrete examples of the tetracarboxyllc dianhydrlde expressed by the above formulas (X), the follow- 
ing compounds may be exemplified, but It Is not always limited thereto: 

3,3',4,4'-benzophenonetetracarboxylic dianhydrlde, 

2,3,3',4'-benzophenonetetracarboxylic dianhydrlde, 

2,2',3,3'-benzophenonetetracarboxylic dianhydrlde, 

bls(3,4-dicarboxyphenyl}-ether dianhydrlde, 

bls(2,3-dicarboxyphenyl)-ether dianhydride, 

2,3,3',4'-tetracarboxyblphenyl-ether dianhydrlde, 

bis(3,4-dicarboxyphenyl)-sulfone dianhydride, 

2,2-bis(3,4-dicarboxyphenyl)-hexafluoropropane 
dianhydride, 

bis(3,4-dicarboxyphenyl)-sulfide dianhydride, 

bis(3,4-dicarboxyphenyl)-methane dianhydride, 

2,2-bis(3,4-dlcarboxyphenyl)-propane dianhydride, etc. 
However, known tetracarboxyllc dianhydrides other than the compounds expressed by the above formula 



may be used In a quantity of 20% by nnol or less based upon the total quantity of tetracarboxylic dia- 
nhydrides used in the reaction. Concrete examples of the other tetracarboxyllc dianhydrides are as follows: 
pyromellitic dianhydride, 
3,3',4,4'-biphenyltetracarboxylic dianhydride, 
2,2',3,3'-biphenyltetracarboxylic dianhydride, 
2,3,3\4'-biphenyltetracarboxylic dianhydride, 
2,3,6,7-naphthalenetetracarboxyiic dianhydride, 
cyclobutanetetracarboxylic dianhydride, 
methylcyclobutanetetracart}oxylic dianhydride, and 
1,2,3.4-tetracarboxybutane dianhydride. 
Examples of the diamine expressed by the formula (XI) are as follows, but it is not always limited thereto: 




(CH, ) 






(CHa ) 




NHa 



NHa 
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NH2 CO-^- NHa 

NH,-^- 0 CO-^^ 0-^- NH 



N 



NHz-^— SO*-^— NH* 

NH2 CH» NH2 

NH2 C (CF3 ) 2 NH2 

NH2-^- 0 -^-C (CF, ) 0 -^-NH2 

NH, 0 -^-S-^-0-^-NH2 

However, known diamines other than the diamines expressed by the formula (XI) may be used in a quantity 
of 20% by mol or less based upon the total quantity of diamines used in the reaction. 
Concrete examples of the other diamines are as follows: 

o-phenylenediamine, 

m-phenytenedlamlne. 
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p-phenylened iamine, 

1 ,5-diaminonaphthalene, 

1 ,8-diaminonaphthalene, 

1,4-diaminotoluene, 

methaxylylenediamine. 

2.2'-dimethylbenzldine, 

trimethylenediamine, 

tetramethylenediamine, 

hexamethylenediamine, 

4»4-dimethylheptamethyl6nediamine, 

2,11-dodecanediainine, 

bis-(p-aminophenoxy)dimethylsilane. 

1,4-bis(3-aminopropyldim6thylsiiyl)benzene, 

1 ,4-diaminocyclohexane, 

bis(4-aminocyclohexyl)methane, 

isophoronediamine, 

acetoguanamine, and 

benzoguanamine. 

Examples of the diamine expressed by the formula (ir) are as follows, but it is not always limited thereto: 




Examples of the diamlnosiloxane expressed by the formula (XII) are as follows, but It is not always limited 
thereto: 



NHz - (CHa ) 3 



C Ha 

I 



CH 



- (Si-0)- -Si - (CH2 ) 3 -NH2 



C H3 



CH 



CHa 

I 



CH 



NH3 - (CHa ) 4-(Si-0)t -Si - (CH2 ) * - NH2 



CH, 



C H; 



CH3 

NH2 (S i -0)iL 

CH3 



CH 
I 



S i -^-N H 
C H3 



EP 0 538 075 A1 



CHs CH, CH, ^CHa 

NH» (Si-O)t -s'i-^-NH, 



C H 



I 

CH 



CH 



CH3 
I 



NH, - (CH.) 3 - (Si-O)jt -Si - (CH,) 3 -NHa 

p'h p'h 



C H 



CH; 



NH2 — (S i -0)jL -Si-^— NH: 



I " I 

P h P h 



C.Hs C.Hb 



NH2 - (CH2 ) 3 - (S'i-0), "s'i- (CHz ) 3 -NH2 



CH 



CH3 



P h P h 

NHa-^(s'i -0)j^ -Si-^NHa 
p h P h 

Examples of the aminosilane expressed by the formula (XIII) are as follows, but it is not always limited 
thereto: 

aminomethyl-dl-n-propoxy-methylsilane, 

(famine ethyl)-di-n-propoxy-methylsilane, 

(P-aminoethyl)-diethoxy-phenylsilane, 

0)-aminoethyl)-tri-n-propoxysllane, 

(P-aminoethyl)-dlmethoxy-methylsilane, 

(y-aminopropyl)-di-n-propoxy-methylsilane. 

(y-aminopropyl)-di-n-butoxy-methylsilane, 

(Y-amlnopropyl)trimethoxysialne, 

(Y-amlnopropyl)triethoxysllane, 

(Y-aminopropyl)-di-n-pentoxy-phenylsilane, 

(y-aminopropyl)-methoxy-n-propoxy-methylsilane, 

(6-aminobutyl)-dimethoxy-methylsilane, 

(3-aminophenyl)-di-n-propoxysilan6, 

(4-amlnophenyl)-tri-n-propoxysllane, 
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{p-(4-aminophenyi)-ethyl}-diethoxy-methylsilane, 
{P-(S-aminophenyl)-ethyl}-di-n-propoxy-phenylsilane, 
{y^(4-aminophenyl)-propyl}-dl-n-propoxy-methylsiIane, 
{)^(4-aminophe noxy)- propyl}-d h n- propoxy-met hylsilane, 
{)^(3-aminophenoxy>-propyt}-dHbutoxy-methylsilane, 
{y^(3-aminophenoxy)-propyl}-di-methyl-dimethoxysilane, 
('f-aminopropyl)'methyl-diethoxysilane. 
(y-amlnopropyl)-ethyl-dl-n-propoxysilane, 
(4-anriinophenyl)-trimethoxysi]ane, 
(3-aminophenyl)-trimethoxysilane, 
(4-aminophenyl)-methyl-dimethoxysilane, 
(3-aminophenyl)-dimethyl-methoxysilane, and 
(4-aminophenyl)-tiiethoxysilane. 
Examples of the diaminosiioxane expressed by the formula (XII ) are as follows, but it is not always limited 
thereto: 

CHa CH3 
NH8-(CH3)3-.(Si-0)^ -s|-(CH2)3-NH. 

CHa CHs 

CHa CH3 
(S i --0)^ -Si -^-NHa 

CH3 CH3 

CHa CHa" CH3 CHa 

NH2 — (S j -0)^ -sl-^^NHa 

CH3 CH3 

C H 3 CHa 
NH2 - (CHa ) , - (Si-0), -Si - (CHa ) a -NH2 

I I 

CHa CH, 

CH, CH, 
NHa (S i -0)^ -S|-^-NHa 

C H 3 CHa 



N H 



NHa - (CHa ) 3 - 



CHa 

(S i -0), 

CHa 



CHa 
I 

Si- (CHa 
CHa 



) 3 -NHa 
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^ h ^ h 

NH2 (S i -0)jj^ -Si-^»NH2 

* P h p h 

Examples of solvent preferred for reacting the above raw material compounds in a solvent (hereinafter 
referred to as reaction solvent) are as follows: 
10 N-methyl-2-pyrrolidone, N,N -dimethylacetamide, N,N-dimethylformamide, dimethylsulfoxide, tetrame- 

thylurea, pyridine, hexamethylphosphoroamide, methylformamide, N-acetyl-2-pyrrolidone, 2-methoxyetha- 
nol, 2-ethoxyethanol, 2-butoxyethanol. diethylene glycol monomethyl ether, diethylene glycol monoethyl 
ether, diethylene glycol monobutyl ether, cyclopentanone, cyclohexanone, cresol, y^butyrolactone, isophor- 
one, N,N-diethylacetamide. N.N-diethylformamide, N.N-dlmethylmethoxyacetamide, tetrahydrofuran, N-me- 
IS thyl-£-caprolactam, and tetrahydrothiophene dioxide (sulfolane). 

Further, this reaction may also be carried out in a mixed solvent obtained by mixing the above organic 
solvents. Further, it is possible to use solvents obtained by diluting the above preferred solvents with other 
aprotic (neutral) organic solvents such as aromatic, allcyclic or aliphatic hydrocarbons or chlorinated deriva- 
tives thereof (e.g. benzene, toluene, xylenes, cyclohexane, pentane, hexane, petroleum ether, methylene 
20 chloride, etc.) or dioxane, etc. 

Next, a process for producing the polyimide precursor solution used in the present invention will be de- 
scribed. 

The above-mentioned tetracart)oxylic dianhydride, diamine, diaminosiloxane and aminosilane are reacted 
in an organic solvent in a conventional manner. As to the mixing ratio of these raw materials, mixing Is carried 

25 out in a ratio of the above formulas (XIV) and (XV), The ratio of the formulas (XIV) expresses preferable ones 
of diamine to diaminosiloxane. In the mixing ratio outside the ranges, it is impossible to obtain a polyimide film 
having a superior adhesiveness at low temperatures. The formula (XV) expresses the preferable ranges of the 
aminosilane in the total amines. 

If the proportions of the aminosilane are less than the above ranges, the strength of the resulting film Is 

30 often low or its adhesion strength is often low. To the contrary. If the proportions of the aminosilane exceed 
the above ranges, the resulting film is brittle and the adhesion strength is also low. The proportion of the total 
amines to the tetracarboxylic dianhydride is preferably about equimolecular. However, if the proportion falls 
within a range of 10% or less, it does not matter even if either one of them is in excess. 

As to any one of the tetracari^oxylic dianhydride, diamine, diaminosilane and aminosilane used as raw ma- 

35 terials, it is possible to use two kinds or more thereof. The reaction Is carried out in an organic solvent and the 
polymer concentration at that time is preferably 60% by weight or less, and particularly preferably 10 to 40% 
by weight for practical use. The addition order of the respective raw materials may be any order. 

For example, the total quantity of the diamine is reacted with the tetracarboxylic dianhydride in a nearly 
equimolar quantity thereto, followed by reacting the total quantity of the diaminosiloxane with the tetracarbox- 

40 ylic dianhydride in a nearly equimolar quantity thereto and then reacting the tetracarboxylic dianhydride in the 
residual quantity with the total quantity of the aminosilane, to afford a block copolymer. Whereas, when the 
respective raw material components are at the same time added and reacted together, it is possible to obtain 
a random copolymer. It is also possible to obtain a polymer having an intermediate structure between the above 
two. 

45 The reaction temperature is preferably 0*" to ISO^'C. If the reaction temperature is low, the resulting polymer 
is a polyamic acid, and with increase of the reaction temperature, the proportion of imide group in the polymer 
increases. If the reaction temperature exceeds 150°C, the polymer often becomes insoluble or gets. The re- 
actton time is several tens minutes to several tens houre. and about 1 to 30 hours are particularly preferable. 
The thus obtained polyimide precursor solution is cast on a substrate, heated and cured to obtain the ad- 

50 hesive polyimide film of the present invention. The solvent is vaporized off by heating and at the same time, 
the amic acid is imidized. Thus, the heating temperature is preferably about 60"" to 200°C. In the case where 
the polymer in the solution has been almost imidized, the heating temperature may be low, but in the case 
where it is amic acid, a somewhat high heating temperature is necessary. 

In order to complete the imidization, a promoter for imidlzatlon such as a tertiary amine may be also added. 

55 At the time of heating, hydrolyzable groups present at the terminal of the polymer such as alkoxy group, acet- 
oxy group, halogen, etc. react and cross-linking occurs by siloxane condensation reaction to form a high mo- 
lecular weight, polymer. After heating, in the case where the film is difficult to be peeled from the substrate, 
when the film is peeled firom the substrate after heating at a somewhat low temperature, followed by fixing 
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the film and heating it at a further high temperature, then the above difficulty can be avoided. 

When the adhesive poiyimlde film of the present invention is subjected to contact bonding on heating onto 
a material to be adhered, it is possible to obtain a composite product. The heating temperature at that time is 
about 100'' to SSO^'C, but in order to afford a practically sufficient adhesion strength, a heating temperature of 
5 IdO^'C or higher is preferable, and in order not to degenerate the material to be adhered, a somewhat low heat- 
ing temperature is preferable. In such an aspect, in the case of the adhesive polyimide film of the present in- 
vention, a heating temperature of 130° to 230°C Is particularly preferable. 

The adhesive polyimide film of the present invention has a superior adhesiveness onto copper foil and 
polyimide films even at a low temperature; hence it is broadly applicable not only to electronics-related fields 
10 such as adhesion of substrate of printed wiring board to circuit substrate, adhesion at the time of preparing a 
multi-ply board of flexible printed wiring board, etc, but also as bonding film or sheet. 

The present invention will be described in more detail by way of Examples and Comparative examples, 
but it should not be construed to be limited thereto. 

15 Example 1 

Into a 1 f flask provided with a stirrer, a thermometer, a condenser and a nitrogen gas-introducing tube 
and purged with nib'ogen gas were fed diethylene glycol dimethyl ether (hereinafter abbreviated to "diglyme") 
(344 g), N,N-dimethylacetamide (hereinafter abbreviated to "OMAC") (40 g) and ethanol (16 g). 

20 Next, 3,3'-diaminodiphenylsulfone (hereinafter abbreviated to "DOS") (18.94 g, 0.0764 mol), o.co'-bisami- 
nopropylpolydimethylsiloxane (hereinafter abbreviated to "FM"; M.W. 814) (155.38 g, 0.191 mol), 3-aminopro- 
pyltriethoxysilane (hereinafter abbreviated to "APS-E") (3.66 g, 0.0166 mol) and 3,3',4,4'-benzophenonetBtra- 
carboxylic dianhydride (hereinafter abbreviated to "BTDA") (89.02 g, 0.276 mol) were added and reacted at 
40°C for 10 hours to obtain a polyimide precursor solution. 

25 This solution was uniformly coated onto a polyester film by means of a coater, followed by drying the re- 
sulting material In an oven at 1 SO'^C for one hour to obtain a polyimide film of about 30 ^m thick of the present 
Invention. 

Example 2 

30 

Employing the same apparatus and process as in Example 1, diglyme (344 g), DMAC (40 g), ethanol (16 
g). BTDA (86.22 g, 0.268 mol) and FM (M.W.: 814) (153.07 g, 0.188 mol) were mixed, followed by reacting them 
at 30'='C for 5 hours, thereafter adding 1 ,4-bis(a,a-dimethyl, p-aminobenzyl)benzene (hereinafter abbreviated 
to "BABB") (25.91 g, 0.0752 mol) and APS-E (1.78 g, 0.00805 mol) and further reacting the mixture at 40<'C 
35 for 10 houre, to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at ISO'^C, for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present invention. 

Example 3 

40 

Employing the same apparatus and process as in Example 1, diglyme (200 g), DMAC (200 g), 4,4'-oxy- 
diphthalic dianhydride (hereinafter abbreviated to "ODPA") (82.3 g, 0.265 mol) and 1,3-bis(4-aminophe- 
noxy)benzene (hereinafter to "TPE-R") (16.28 g, 0.0558 mol) were mixed, followed by reacting the mixture at 
30**Cfor 3 hours, thereafter adding FM (M.W.: 814) (166.40 g. 0.204 mol) and 4-aminophenyltrimethoxysilane 
45 (hereinafter abbreviated to "APMS") (2,03 g, 0.0953 mol) and further reacting the mixture at 50<'C for 1 0 houre. 
to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at 150°C for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present inventbn. 

50 Example 4 

Employing the same apparatus and process as in Example 1, diglyme (320 g), DMAC (40 g), ethanol (40 
g), ODPA (80.31 g, 0.259 mol), 2.2-bl8{4-{4-aminophenoxy)phenyl}propane (13.68 g, 0.0333 mol), FM (M.W.: 
814) (162.68 g. 0.200 mol) and APS-E (30 g, 0.0466 mol) were mixed, followed by reacting the mbcture at 20X 
55 for 24 houre, to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at 150**C for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present inventton. 
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Example 5 

Employing the same apparatus and process as in Example 1 , diglyme (200 g), DMAC (200 g), ODPA (77,85 
g, 0.251 nx)l), BABB (48.55 g, 0.141 mol), FM (M.W.: 1.530) (161.94 g. 0.105 mol) and ARMS (1.80 g, 0.00751 
5 mol) were mixed, followed by reacting the mixture at SO^'C for 15 hours, to obtain a polyimide precursor solution. 
This solution was similarly coated, followed by drying at 1 50''C, for one hour, to obtain a polyimide film of about 
30 ^m thick of the present invention. 

Example 6 

10 

Employing the same apparatus and process as in Example 1, diglyme (344 g), DMAC (40 g), ethanol (16 
g), dlphenylsulfone-3,3',4,4'-tetracarboxylic dianhydride (82.81 g, 0.231 mol), bls{4-(4-amlnophenoxy)phe- 
nyl}sulfone (56.34 g, 0.130 mol), FM (M.W.: 1,530) (149.50 g, 0.0977 mol) and APS-E (1.31 g, 0.00593 mol) 
were mixed, followed by reacting the mixture at 35*^0 for 10 hours, to obtain a polyimide precursor solution. 
15 This solution was similarly coated, followed by drying at 150**C, for one hour, to obtain a polyimide film of 
about 30 (im thick of the present invention. 

Example 7 

20 Employing the same apparatus and process as in Example 1 , diglyme (200 g), DMAC (200 g), BTDA (89.45 
g, 0.278 mol), 4,4'-diaminodiphenyl sulfide (16.86 g, 0.0781 mol) were mixed, followed by reacting the mixture 
at dO^'C for 2 hours, thereafter adding FM (M.W.: 814), (158.82 g, 0.195 mol), reacting the mixture for 5 hours, 
further adding APS-E (1 .84 g, 0.0833 mol) and reacting the mixture for 10 houre, to obtain a polyimide precuisor 
solution. 

25 This solution was similarly coated, followed by drying at ISO'^C, for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present invention. 

Comparative example 1 

30 Employing the same apparatus and process as in Example 1 , diglyme (200 g), DMAC (200 g), BTDA (88.24 
g, 0.274 mol), DDS (19.42 g, 0.0783 mol) and FM (M.W.: 814) (159.36 g. 0.196 mol) were mixed, followed by 
reacting the mixture at 40*'C for 10 hours, to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at 150**C, for one hour, to obtain a polyimide film of 
about 30 (un thick. 

35 

Comparative example 2 

Employing the same apparatus and process as in Example 1, diglyme (200 g), DMAC (200 g), BTDA 
(121.46 g, 0.377 mol) and DDS (93.54 g, 0.377 mol) were mixed, followed by reacting the mbcture at 40°C for 
40 10 hours, to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at 1 50''C, for one hour, to obtain a polyimide film of 
30 ^m thick. 

Example 8 (Peel-adhesion strength test) 

45 

The respective polyimide films of 9 Icinds prepared in Examples 1 to 7 and Comparative examples 1 and 
2 were placed between two copper foils (JICI.Ooz., trade name of product made by Nikko Glued Foil Co., Ltd.), 
followed by subjecting the resulting material to contact bonding for 15 minutes by means of a pressing machine 
kept at 200''C under 1 00 Kg/mm^o prepare test pieces. The respective one side ends of the upper and lower 
so copper foils of the test pieces (10 mm wide) were pulled at an angle of 180'' (tensile speed: 50 mm/mln.), to 
measure the respective strengths by means of a tensile tester (Strograph M50, trademark of product made by 
Toyoseiki Co., Ltd.). 

Further, using polyimide films (Capton 300H, trademark of product made by Toray-Dupont Co., Ltd.) in 
place of copper foils, the same tests were carried. The results are togehter shown in Table 1. As seen firom 
55 the results, the polyimide film of the present invention has a superior adhesiveness. 

In addition, for reference, the proportions of raw materials of the polyimldes prepared In Examples 1 to 7 
and Comparative examples 1 and 2 are together shown in Table 2. 
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Table 1 



Test No. 


Varnish 


Peel-adhesion strength (Kg/cm) 


Copper 


Capton 


1 


Example 1 


1. 1 


1.2 


2 


Example 2 


1.4 


1.4 


3 


Example 3 


3.3 


1.1 


4 


Example 4 


1.0 


1.0 


5 


Example 5 


2.9 


2.4 


6 


Example 6 


1.0 


0.9 


7 


Example 7 


1.2 


1.3 


8 


Comp.ex.1 


1.0 


0 


9 


Comp.ex.2 


0 


0 



20 



25 



30 



35 



40 



45 



50 
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Table- 2 





Excunple 
or 


A 


B 


C 


D 


C 


D 


10 


Comp . ex . 


B+C 


B+C+D 


IS 


Example 
1 


0.276 


0.0784 


0.191 


0.0166 


0.71 


0.058 




Example 
2 


0.268 


0.0752 


0.188 


0.0805 


0.71 


0.030 


20 


Example 

3 


0.265 


0. 0558 


0.204 


0.00953 


0.79 


0.035 


25 


Example 
4 


0.259 


0.0333 


0.200 


D.0466 


0.86 


0.17 




Example 
5 


0.251 


0.141 


0.105 


0. 00751 


0.43 


0.030 


30 


Example 
6 


0.231 


0.130 


0.0977 


0. 00593 


0.43 


0.025 


35 


Example 
7 


0.278 


0.0781 


0.195 


0.00833 


0.71 


0.030 




Comp. 
ex. 1 


0.274 


0.0783 


0.196 


0 


0.71 


0 


AO 


Comp. 
ex. 2 


0.377 


0.377 


0 


0 


0 


0 



45 



SO Example 9 

Into a 1 i flask provided with a stirrer, a thermometer, a condenser and a nitrogen gas-introducing tube 
and purged with nitrogen gas, were fed diglyme (344 g), DMAC (40 g) and ethanol (16 g). 

Next, 4,4'-bis(4-aminophenoxy)biphenyl (hereinafter abbreviated to "BAPB") (30.85 g. 0.0837 mol), FM 
55 (M.W.: 660) (138.19 g. 0.209 mol). APIV1S (1.90 g, 0.00892 mol) and BTDA (96.05 g, 0.298 mol) 

were added with stirring, followed by reacting the mixture at 30<'C for 20 hours, to obtain a poiyimide precursor 
solution. 

This solution was uniformly coated onto a polyester film by means of a coater, followed by heating the 
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resulting material at 1 50*^0 In an oven for one hour, to obtain a polyimide film of about 30 thick of the present 
invention. 

Example 10 

5 

Employing the same apparatus and process as in Example 9, there were added diglyme (300 g), OMAC 
(84 g). ethanol (16 g). ODPA (91.75 g, 0.296 mol). BAPB (22.77 g, 0.0618 mol) and FM (M.W.: 660) (149.55 
g, 0.227 mol), followed by reacting the mixture at 30°C for 15 hours, thereafter adding APS-E (294 g, 0.0133 
mol) and reacting the mixture at 40^0 for 3 hours to obtain a polyimide precursor solution. 
10 This solution was similarly coated, followed by drying at 150''C, for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present invention. 

Example 11 

15 Employing the same apparatus and process as in Example 9, diglyme (190 g), DMAC (1 90 g), ethanol (20 
g), diphenylsulfone-3,3',4,4'-tetracarboxylic dianhydride (98.94 g, 0.276 mol) and BAPB (9.05 g, 0.0246 mol) 
were mixed, followed by reacting the mbcture at 30°C for 2 hours, thereafter adding FM (M.W.: 660) (145.92 
g, 0.221 mol) and APMS (1 3.08 g, 0.0614 mol), and further reacting the mbcture at 40^C for 10 hours, to obtain 
a polyimide precursor solution. 

2a This solution was similarly coated, followed by drying at 150**C for one hour to obtain a polyimide film of 
about 30 ^m thick of the present invention. 

Example 12 

25 Employing the same apparatus and process as in Example 9, DMAC (360 g), ethanol (40 g), hexafluoroi- 
sopropylldene -2,2 -bis(phthalic anhydride) (111.92 g, 0.252 mol), BAPB (13.08 g, 0.0355 mol) and FM (M.W.: 
660) (1 40.56 g, 0.21 3 mol) were mixed, followed by reacting the mixture at 40''C for 1 0 houre, thereafter adding 
APS-E (1 .43 g, 0.00647 mol) and further reacting the mixture at this temperature for 5 houre to obtain a poly- 
imide precursor solution. 

30 This solution was similarly coated, followed by drying at ISO^'C. for one hour, to obtain a polyimide film of 
about 30 \im thick of the present inventton. 

Example 13 

35 Employing the same apparatus and process as in Example 9. diglyme (1 00 g), DMAC (300 g), ODPA (70.99 
g. 0.229 mol). APMS (1.75 g. 0.00822 mol) and FM ( M.W.: 1,530) (147.06 g. 0.0961 mol) were mixed, followed 
by reacting the mixture at 50<'C for 10 hours, thereafter adding BAPB (47.21 g, 0.128 mol) and further reacting 
the mixture at 50°C for 15 hours, to obtain a polyimide precursor solution. 

This solution was similarly coated, followed by drying at 150*'C. for one hour, to obtain a polyimide film of 

40 about 30 ^m thick of the present inventbn. 

Example 14 

Employing the same apparatus and process as in Example 9, diglyme (190 g), DMAC (200 g), ethanol (10 
45 g), ODPA (94.13 g. 0.303 mol), BAPB (47.11 g. 0.128 mol), methaphenylenediamine (2.30 g, 0.0213 mol), FM 
(M.W.: 814) (121.45 g, 0.149 mol) and APS-E (2.01 g. 0.00910 mol) were mbced, followed by reacting the mix- 
ture at 50''C for 15 houre. to obtain a polyimide precureor solution. 

This solution was similarly coated, followed by drying at 150^0 for one hour, to obtain a polyimide film of 
about 30 ^m thick of the present inventton. 

50 

Comparative example 3 

Employing the same apparatus and process as in Example 9, diglyme (344 g), DMAC (40 g), ethanol (16 
g), BAPB (31.26 g, 0.0849 mol), FM (M.W.: 660) (140.02 g, 0.212 mol) and BTDA (95.70 g. 0.297 md) were 
55 mixed, followed by reacting the mixture at 30^*0 for 20 houre. to obtain a polyimide precureor solutton. 

This solution was coated, followed by drying at 150°C for one hour, to obtain a polyimide film of about 30 
fim thick. 
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Comparative example 4 

Employing the same apparatus and process as In Example 9, DMAC (400 g), BTDA (46.66 g, 0.145 mol) 
and BAPB (53.34 g, 0. 145 mol) were mixed, followed by reacting the mixture at 30°C for 20 hours, to obtain a 
5 polyimlde precursor solution. 

This solution was coated, followed by drying at 1 50°C for one hour, to obtain a polyimlde film of about 30 
^m thick. 

Example 15 (Peel-adhesion test) 

10 

The respective polyimlde films of 8 kinds prepared in Examples 9 to 14 and Comparative examples 3 and 
4 were placed between two copper foils (JICI.Ooz, trade name of product made by Nikko Glued Foil Co., Ltd.), 
followed by subjecting the resulting material to contact bonding under 100 Kg/mm^ for 15 minutes by means 
of a pressing machine maintained at 200°C, to prepare test pieces. 

15 The respective one side ends of the upper and lower copper foils of the test pieces (10 mm wide) were 
pulled at an angle of ISO"" (tensile speed: 50 mm/min.), to measure the respective strengths by means of a 
tensile tester (Strograph M50, trademark of product made by Toyoseiki Co., Ltd.). 

Further, using two sheets of a polyimlde film (Capton 300M, trademark of product made by Toray>Dupont 
Co., Ltd.), in place of copper foils, the same tests were carried out. The results are together shown In Table 3. 

20 As seen from these results, the polyimlde film has a superior adhesiveness. In addition, for reference, the pro- 
portions of raw nfiaterials of the polyamides prepared in Examples 9 to 14 and Comparative examples 3 and 
4 are together shown in Table 4. 



Table 3 



Test No. 


Varnish 


Peel-adhesion strength (Kg/cm) 


Copper 


Capton 


1 


Example 9 


1.4 


1.1 


2 


Example 10 


1.8 


1.4 


3 


Example 11 


0.9 


1.1 


4 


Example 12 


1.2 


1. 1 


5 


Example 13 


1.0 


1.0 


6 


Example 14 


1.1 


0.9 


7 


Comp.ex.3 


0.9 


0 


8 


Comp.ex.4 


0 


0 
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Table 4 



5 





Example 
or 


A 


B 


C 


D 


C 


D 




B+C 




10 


















Example 


U * 6 tiO 


U • U (1 O f 


0 209 


0 QQft92 


n 71 




IS 


Example 
1 n 


U . 6 9 0 


U • UlJ i u 


U ■ b b f 


u • U i U u 


U ■ f J 


n Odd 


20 


Example 

1 1 
1 i 


U* 6 lO 


n n9iR 






n on 






Example 






n 91^ 






n 1 7 


25 
















Example 
13 


0. 229 


0. 128 


0.0361 


0. 00822 


0.43 


0.035 


30 


Example 
14 


0.287 


0.121 


0. 161 


0.00860 


0.57 


0.030 


35 


Comp. 3 
ex. 


0.297 


0.0849 


0.212 


0 


0.71 


0 




Compp 
ex. 4 


0.145 


0.145 


0 


0 


0 


0 



40 



(Effectiveness of the Invention) 

45 The fields of hot-melt-adheslve f llnis having so far been researched in the electronics-related fields have 
been directed mainly to resins of epoxy group, urethane group, polyester group, nitrile rubber group or acrylic 
group, butthese resins have a defect in heat resistance. On the other hand, polyimide resins are heat-resistant, 
but they had a defect that high-temperautre heating is necessary at the time of adhesion. According to the 
present invention, It has become possible to obtain a polyimide film being highly adhesive and heat-resistant 

so in spite of heating at a relatively low temperature. This has a commercially high value. 



Claims 

55 1. A Silicon-modified, adhesive polyimide film comprising 60 mole % or more of repeating units of the for- 
mula: 
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10 



IS 



20 



25 



30 



40 



45 



SO 



in which: 

V represents -0-, -CO-. -SO2-, -S- or C(R*)2 (in which represents -CH3, -CF3 or H) ; 
R3 represents a group of the formulae: 



- (CH, ) .— 



(ID 



-(CH.).-O-^ (III) 



-(CH2).- (IV) 



or 



-0- 



(V) 



(in which s represents an integer of 1 to 4); the group (SILO) is a group of the formula: 

-Si {R6(3- m)} {0(,^ -O-Si {RV m)} {0(„v 1 (VI) 

(In which R^ represents a Ci-Ce alkyi group, a phenyl group, or a C1-C12 alkyi-substituted phenyl group 
and m is the range of 1<m^3); 
35 the group (PI) is a group of the formulae; 



or 



R. 



(VII) 



[in which U has the meaning defined above, L2 represents -0-, -CO-, -SO2-, -S-, or -C(R*)2 - (wherein 
55 R^ represents -CH3-, -CF3 or H), R^ represents a Ci-Ce alky! group, a phenyl group or a CrCi2 alkyl-sub- 

stituted phenyl group, R^ represents a group of the formula (II) to (V) defined above, 2 is in the range of 
1^ i ^100, n is in the range 1^ n <3. and p and q are each in the range defined by the formulae (VIII) 
and (IX) : 
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0. 1^-3-^1 (VIII) 
p + q 

0.01^ — ^-^O.S (IX) 

2. A polyimide film according to claim 1 , wherein represents -C(CH3)2- and n represents 2 in formula (VII). 

3. A polyimide film according to daim 1, wherein represents -O- and n represents 2 in formula (VII). 

4. A polyimide film according to claim 1 , wherein represents a structure expressed by formula (V) and m 
represents 3 in formulae (I) and (VI). 

5. A polyimide film according to claim 1 , wherein represents -0-, represents -C(CH3)2- and n represents 
2 in formulae (I) and (VII). 

f5 6. A process for producing an adhesive polyimide film, which comprises blending Amols of at least one kind 
of tetracarboxyllc dianhydride of the formula; 



25 



35 



55 



B mols of at least one diamine of the formula: 



N H> 



30 C mols of at least one diaminosiloxane of the formula: 



(XI) 



NHa - R» - (Si-0-)jt-Si"R* -NHt (xil) 



and D mols of at least one aminosilane of the formula: 
AO NH2-R3-Si{RVm)}(X„.) (XIII). 

(In which U, L^, Ri, R2. R^ R*, Rs i and m have the meaning defined in dalm 5, and X is a halogen atom 
or an acetoxy or alkoxy group in the presence of an organic solvent, and under conditions satisfying equa- 
tion pciV) relative to said B and C 

0.1^1 (XIV) 
and equation (XV) relative to said B, C and D 

0. 01^—5—^0. 5 (XV), 
B + C + D 

followed by reacting the resulting blend at a temperature of 0 to ISD'^C, coating the resulting polyimide 
50 precursor solution onto a substrate, theeafter heating and curing the resulting material. 

7. A process according to claim in modified In that the diamine has the formula: 
NHa NHa 
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A process for producing a polyimide film composite product, which comprises subjecting a silicon-modified 
polyimide film composed of repeating units of formula (1) as set forth in claim 1, to contact t)onding on 
heating to a material to be adhered thereto, at an ultimate curing temperature of 130'' to 230*^0. 

A process according to claim 8, wherein said (PI) has the formulae: 



or 



CO 
-CO 



R . 

' I 

S i -0- 
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